SUMMARY An electromyographic technique was used to record the tonic stretch reflex (TSR) responses to passive sinusoidal stretching of biceps brachii muscle in athetotic patients. The TSR transmission characteristics measured while the patient was in a relaxed state were compared with those measured while the patient was voluntarily active. The resting TSR and action TSR were found to differ markedly. Sensitivity, pattern, duration, and timing of the TSR responses were all changed during voluntary activity. The results suggest that the TSR in athetosis is functionally reorganized by supraspinal influences during voluntary activity. It is proposed that athetoid movements and action tremor may be a manifestation of abnormal action TSR caused by faulty supraspinal control during activity.
Athetosis has been described as a manifestation of fluctuating rigido-spasticity (Narabayashi, Nagahata, Nagao, and Shimazu, 1965) . They described a neurophysiological analysis based primarily on electromyography. The limb was passively moved while the electromyogram (EMG) of the reflex response was recorded on an ink writing oscillograph. Rigidity was characterized by a reflex discharge continuing for more than 60 sec while the muscle was kept in a stretched position. Spasticity exhibited a phasic pattern with EMG activity appearing only during the stretching movement. In athetosis the static phase of the stretch reflex was associated with a fluctuating abnormal contraction and in some cases a coexisting spasticity was observed. A similar electromyographic technique was used by Andrews, Neilson, and Knowles (1972) to assess the tonic stretch reflex (TSR) in athetotic patients who were participating in a drug trial to determine the influence of phenoxybenzamine on athetosis. They concluded that the involuntary movements of athetosis were an entity distinct from rigido-spasticity because patients with severe athetoid movements commonly had only mild rigido-spasticity and the pattern of in- The TSR of the biceps brachii muscle in normal man is activated during voluntary contraction and the transmission characteristics of the TSR during voluntary action have been shown to be more complex than measured previously in anaesthetized or decerebrate cats or in spinal man, probably because of activation of long loop reflex pathways (Neilson, 1972) . The concept of reflex transmission being functionally reorganized by supraspinal control to subserve complex movement has been discussed by Hongo, Jankowska, and Lundberg (1969 picture of athetosis, were tested. The TSR of biceps was measured using two different methods. The first method measured the TSR while the patient was at rest and so, for the purpose of this paper, will be called the resting TSR. The electromyographic method used to assess the resting TSR has been described in detail elsewhere (Burke, Gillies, and Lance, 1970; Burke, Andrews, and Gillies, 1971 ). The second method, which has been described previously by Neilson (1972) , measured the TSR during voluntary activity and so will be called the action TSR.
RESTING TONIC STRETCH REFLEX (RESTING TSR) The EMG of biceps and triceps muscles were recorded via surface electrodes 5 cm apart over the bellies of the muscles. The elbow joint angle was recorded by a goniometer strapped to the arm. Voltage output from the goniometer was differentiated (time constant-5 msec) to give a voltage proportional to the angular velocity. EMG, joint angle, and velocity of stretch were recorded on a Grass four channel polygraph and on an Offner type S dynagraph.
The patient lay supine on a couch and was instructed to relax. The arm was moved passively about the elbow by the experimenter. Sinusoidal stretching movements were used to determine the sensitivity and timing of the reflexes. The joint angle was moved through a 90°range with a sinusoidal motion having a frequency of 1 Hz. A second sinusoidal test was performed on three patients. The limb was oscillated through a 300 joint angle range about an average extended position and again about an average flexed position. In this way the influence of the mean muscle length on the resting TSR was studied.
The average reflex response to sinusoidal stretching was also recorded. The EMG from both biceps and triceps muscles was full-wave rectified and averaged in an ND801 Enhancetron. patient lay supine on a couch with the right arm strapped into a frame which constrained movement to flexion-extension about the elbow. The EMG and integrated EMG (IEMG) of the biceps brachii were recorded via surface electrodes attached 5 cm apart over the belly of the muscle. The IEMG was calibrated by adjusting the amplifier sensitivity to produce a 25 mm pen deflection while the patient supported a 10 kg weight from a point on the wrist 30 cm from the axis of elbow rotation. A goniometer attached to the arm frame recorded elbow joint angle. The EMG, IEMG, and joint angle were recorded on a Grass four channel polygraph.
The patient was instructed to hold the arm as still as possible in a 900 joint angle position in spite of disturbance forces applied to the limb through a spring connected 30 cm from the elbow. Sinusoidal disturbance forces were applied by connecting the other end of the spring to an oscillating cantilever arm on a sinusoidal stretching machine which has been described elsewhere (Neilson, 1972 (Fig. 1) . The magnitude of the resting TSR response depended on the mean length of the muscle. The EMG burst was smaller when the arm was oscillated about a mean extended position than it was for oscillation about a mean flexed position (Fig. 2) . The EMG of the resting TSR response was increased in magnitude when the patient 'reinforced' by clenching the fist on the opposite side. The shape and timing of the response were unchanged.
ACTION TONIC STRETCH REFLEX (ACTION TSR)
Sinusoidal disturbance forces applied to the limb caused an oscillation of the elbow joint angle through a range of 10°-20° (Fig. 3) showed a peak in the variance at the stretching frequency (Fig. 4) . The absence of peaks at harmonics or sub-harmonics of the stretching frequency indicates that joint angle movement was sinusoidal with negligible harmonic distortion.
The EMG of the action TSR response was observed in all 10 patients tested but was mixed with potentials due to the sustained voluntary contraction (Fig. 3) . The mathematical analysis which separated out the reflex responses from the voluntary activity produced the following power spectra. The auto power spectrum of the IEMG signal showed that the variance was distributed across the band of frequencies (0-5 Hz) but there was a large peak in variance at the stretching frequency (Fig. 5) . The cross power spectrum showed that the variance distributed across the band was due to random fluctuations in the IEMG signal caused by the sustained voluntary activity. There were no peaks in the IEMG signal power spectrum at harmonics or subharmonics of the stretching frequency (Fig. 5 filter. The EMG of the action TSR response had a phase lead of 10°-50°ahead of elbow angle changes. No change in sensitivity or timing of the action TSR response was caused by alteration of the mean length of the muscle. Gain and phase characteristics were unchanged when the patient held the arm steady in a flexed position instead of an extended position.
COMPARISON OF RESTING TSR AND ACTION TSR
Action TSR responses were sufficiently large to cause a deflection in the IEMG recording comparable with that produced when the patient supported 5-10 kg wt at the wrist. The limb was stabilized in spite of sinusoidal disturbance forces of 5-10 kg wt. EMG responses of this order were not recorded in any patient during elicitation of the resting TSR. Although the EMG responses were difficult to quantify it can be stated that the action TSR was many times more sensitive to stretch than was the resting TSR. Large action TSR responses were measured to 10°-20°joint angle oscillations whereas 30°-90°oscillations were required to produce relatively small resting TSR responses.
The EMG of the action TSR response was not only larger than that of the resting TSR response but it had a completely different pattern. The IEMG of the action TSR was sinusoidal, it followed the full 360°of the stretching cycle. Transmission in the resting TSR on the other hand was non-linear, producing a burst of EMG at one point in the stretching cycle.
The timing of the action TSR was also different from that of the resting TSR. During voluntary activity the maximal amplitude of the EMG response occurred 10°-50°phase in advance of the position of maximal stretch, whereas, when the patient was relaxed, the maximum of the EMG of the resting TSR response occurred at a point in the stretching cycle 1 10°-170°phase in advance of the position of maximal stretch. Since the stretching frequency was 10 Hz, this phase difference corresponded to a 0 25-0 5 sec difference in timing.
The magnitude and timing of the action TSR response were unaltered by changes in the mean On the other hand the resting TSR was found to be non-linear in this respect; sensitivity to stretch decreased as the mean length of the muscle was increased.
DISCUSSION
These experiments demonstrate clearly that the TSR of biceps brachii in athetotic patients was functionally reorganized by suprasegmental influences during voluntary activity. The EMG of the action TSR response was altered in most respects; the size, pattern, duration, and timing of the response were all changed.
Resting TSR transmission was non-linear because the burst discharge in the EMG of the response to sinusoidal stretching was nonsinusoidal and because the magnitude of the response altered with the mean length of the muscle. The burst in the EMG of the resting TSR cannot simply be attributed to a threshold phenomenon due to low excitability of alpha motoneurones under resting conditions because the timing of the response changed markedly during voluntary activity. A change in alpha motoneurone excitability could cause a burst discharge in the EMG by responding only during the period of maximum excitation in the sinusoidal cycle but it cannot explain the 0-25-05 sec change in the timing of the TSR response which occurred during voluntary activity. The appearance of the burst in the EMG of the resting TSR at the beginning of the stretching cycle (1 10°-170°phase in advance of maximum stretch) could be explained by inhibition dependent on group II afferent nerve fibres (Burke et al., 1970) , however, the non-sinusoidal response and the change of sensitivity with mean length suggest that other explanations based on nonlinear mechanisms are also possible. In contrast with resting TSR transmission, action TSR transmission was linear, the EMG response was sinusoidal and contained negligible harmonic distortions and neither gain nor phase altered with changes in the mean length of the muscle. 
